An experimental investigation has been performed to determine the corrosive properties of Umm-erRadhuma clay, when used as a basic constituent for drilling fluid on mild-steel alloys, K55 and J55. The study was further extended to investigate the effect of certain additives on the corrosive properties.
Introduction
Corrosion is noted for its destructive effect on materials and consequences on the economics. Corrosion has been a problem in the petroleum industry throughout its history. It was not, however, until 1943 that the significance of corrosion was brought to the attention of the industry1)-3).
Drilling fluid components play major roles in the corrosion processes. To understand the influence of drilling fluids on the rate of corrosion, certain factors should be studied, such as drilling fluid components and their physical and chemical properties.
Clays are important raw materials having diverse industrial applications.
In Saudi Arabia, clays are present in commercial quantities at a number of sites. The utilization of these Saudi clays, especially in conjunction with the drilling of oil and water wells, however, has been very limited.
This work undertook studies on samples of clays taken from the Umm-er-Radhuma formation, of Paleocene and Lower Eocene ages, outcropping near Khurays, in the eastern province of Saudi Arabia. Physical and chemical properties (flow and filtration characteristics, density, hydrogen and ion concentrations and resistivity of filtrate) of the Umm-er-Radhuma clay suspensions have been reported4),5). 
Preparation of Material and Specimen
Mild-steel alloys were tested using formulated drilling fluids composed of clay fresh water, with the addition of 0%, 0.05%, 0.1%, 0.25% and 0.50% NaOH, respectively, under both static and dynamic conditions.
The chemical composition of the drilling fluids used are given in Table 1 .
Steel specimens were cut from each of three types of casing steel, K-55, J-55 and mild-steel, respectively, using a shaping machine.
A hole was drilled in one end of each sample to allow easy suspension.
The specimens were designated numbers for identification purpose.
Prior to test, the specimens were first filed to a normal level, * To whom correspondence should be addressed.
then abraded with wet silicon carbide abrasive papers, progressively from 80 to 1,000 grits. The samples were then immersed in each of the formulated test fluids for a period of 15 days.
Equipment
Laboratory test apparatus used to measure the corrosive rates of Umm-er-Radhuma clay drilling mud suspensions included a dynamic flow loop, a static test reservoir, a pH meter and honing apparatus.
All tests were carried out subjected to water-base drilling fluids which are commonly used in the drilling industry.
Test Procedure

Weight-loss Method
The application of an appropriate corrosion testing technique is necessary to assess the magnitude of the problem and investigate potential remedial measures. Today, there are several different methods by which corrosion can be evaluated. One of these tests is to expose actual metal parts to their intended service environment and then evaluate the corrosion which resulted. This technique is, however, too costly and difficult to apply in comparison with other techniques used in corrosion testing, such as the weight-loss method. In the weight loss method, a prepared specimen is exposed to the test environment for a period of time, and then removed to determine weight loss. The exposure time, weight-loss, surface area exposed and density of the tested metal are used to calculate the corrosion rate of the metal. The corrosion rate can be calculated as follows: as the main sample used in dynamic testing, inside a small container for an average of 15 days. The specimens are then examined, using a binocular microscope, after which, corrosion and scale deposits are cleaned completely from each sample, and the weight-loss method is used to calculate MPY.
4.3 Dynamic Testing In the dynamic tests, the specimens are placed at certain sites in a flow loop.
After 15 days, the specimens are removed, cleaned and examined under a binocular microscope.
The examination processes are identical for both dynamic and static tests. The weight loss method is also used to calculate MPY corrosion-loss for the dynamic tests.
Results and Discussion
5.1
Corrosion Rates The experimental alloys tested, generally, exhibited favorable resistance to corrosion in drilling-mud prepared with Umm-er-Radhuma clay, as shown by their low rates of corrosion, in both static and dynamic flow tests. Corrosion rates were measured in both cases using a 10 wt% clay concentration drilling fluid with varying concentrations of NaOH. The results of these measurements are shown in Table 2 . Under static condition, the highest corrosion rates were found for mild-steel, K-55 and J-55 samples (85.4, 49.14 and 47.21, respectively), using aqueous solutions having 0.0wt% of NaOH. The lowest corrosion rate for mild-steel, K-55 and J-55 (0.0381, 0.0251 and 0.0, respectively) were observed with 0.5 wt% NaOH concentration.
All samples tested under dynamic conditions also exhibited the highest rates of corrosion (160.6, 118.2 and 105.5, respectively) where the drilling fluids contained 0.0wt% of NaOH. Similarly, all samples in the dynamic tests exhibited the lowest corrosion rates (0.0658, 0.0341 and 0.02417, respectively) at 0.5wt% of NaOH concentration.
The results shown in Table 2 indicate corrosion rates of various tested materials are much lower in inspected with low-power microscope. Shown in Fig. I are surface-appearances of some of the samples tested under static conditions. The specimens tested did not show much change in the surface-appearances.
However, at zero percent NaOH, there were visual evidences of corrosion attack on all the specimens.
It is clear from Fig. 2 that all three alloys (mildsteel, J-55 and K-55) exhibit relatively smooth surface-roughness characteristics. Mild steel, however, exhibits roughness greater than the other (Table 2 Continues) e) NaOH concentration=0.5wt% (pH=12) (a) J-55 (0wt% NaOH) (b) J-55 (0.5wt% NaOH) (c) K-55 (0wt% NaOH) (d) K-55 (0.5wt% NaOH) (e) Mild-steel (0wt% NaOH) (f) Mild-steel (0.5wt% NaOH) (a) J-55 (0wt% NaOH) (b) J-55 (0.5wt% NaOH) (c) K-55 (0wt% NaOH) (d) K-55 (0.5wt% NaOH) (e) Mild-steel (0wt% NaOH) (f) Mild-steel (0.5wt% NaOH) two specimens.
This agrees with the higher corrosion rates noted for mild-steel.
Under dynamic conditions, the specimens tested, in the flow system, have shown heavy rust layer (Fig. 3) . This is especially prominent at low concentrations of NaOH. A careful inspection revealed that some clay had adhered to the surface of the specimen.
More detailed examination of the surface layer revealed a crazed pattern of fine network of pits.
After cleaning the specimens, heavy pitting in various parts of the surface was found.
Comparing the surface roughness of mild-steel, J-55 and K-55, in Fig. 4 , it may be seen that the mild-steel alloys have surfaces rougher than either J-55 and K-55 at the same concentrations of NaOH.
Damage due to corrosion is more visible on mild-steel specimen surface and the depth of pitting is deeper.
After two weeks of monitoring, it was observed that the other two specimens were free from microscopic surface cracks, which indicates that their corrosion rates are lower. Their resistance to pitting is also higher as shown in Figs. 2 and 4 . In fact the average roughness peaks are smaller in J-55 and K-55 as compared to that in the mild-steel.
The figure shows that the surfaces roughness for J-55 and K-55 are approximately the same.
These similarities agree with observed corrosion rates.
Careful measurements showed rise of pH values as NaOH concentration increased. This increase in pH value is desirable both in order to increase drilling-fluid viscosity and to diminish corrosion rates.
Increase in pH values with increased NaOH concentrations are shown in Fig. 5 .
Conclusion
On the basis of results reported above, the (a) J-55 (0wt% NaOH) (b) J-55 (0.5wt% NaOH) (c) K-55 (0wt% NaOH) (d) K-55 (0.5wt% NaOH) (e) Mild-steel (0wt% NaOH) (f) Mild-steel (0.5wt% NaOH) (a) J-55 (0wt% NaOH) (b) J-55 (0.5wt% NaOH) (c) K-55 (0wt% NaOH) (d) K-55 (0.5wt% NaOH) (e) Mild-steel (0wt% NaOH) (f) Mild-steel (0.5wt% NaOH) 1) It is proved that the alloys used, generally, exhibit good resistance to corrosion in fresh water corrosion, both under static and dynamic flow conditions. 2) Corrosion under static conditions was found to be much lower than that under dynamic conditions, which is attributed due to the continuing erosional effect.
3) The use of Umm-er-Radhuma clays as a basic constituent in oil wells drilling-fluids is recommended, provided that the NaOH concentration in the fluid is maintained greater than 0.25wt%.
